1. Introduction
===============

The ankylosing spondylitis (AS) is a chronic arthritis that causes inflammation in several areas of the body. It has long been recognized that chronic inflammatory systemic diseases are associated with a major risk of cardiovascular diseases^\[[@R1]--[@R4]\]^ but conflicting results are emerged in the literature about the actual role that AS plays. Indeed, atherosclerosis and endothelial dysfunction, identified in the form of increased carotid intima-media thickness (IMT), presence of carotid plaques, and altered values of flow-mediated vasodilation or pulse-wave velocity are increased in patients with AS according to some authors.^\[[@R5]--[@R9]\]^ AS is also associated with an increased risk of atherosclerosis independent of traditional vascular risk factors^\[[@R10]\]^ and of myocardial infarction and stroke^\[[@R11]\]^; furthermore, the presence of an increased inflammation and the impairment of endothelial function seem to play a crucial role in accelerating the development of atherosclerosis.^\[[@R12]\]^ On the contrary, no difference in atherosclerosis has been found in patients with AS compared to general population, according to other authors.^\[[@R13],[@R14]\]^ The uncertainty about the association between AS and an increased subclinical atherosclerosis remains also in patients who underwent tumor necrosis factor-α (TNF-α) antagonists treatment. According to some authors, subclinical atherosclerosis in patients with AS treated with TNF-α antagonists is higher than in controls,^\[[@R15]\]^ whereas others have observed a slowdown of the progression of atherosclerosis in patients with AS treated with TNF-α antagonists.^\[[@R16],[@R17]\]^ For several years, carotid IMT and endothelial dysfunction have been considered a proper marker of atherosclerotic progression^\[[@R18]--[@R20]\]^ whose noninvasively measurement can be excellently made by means of B-mode ultrasonography.^\[[@R21]--[@R23]\]^ Recently, it was emphasized the importance of the use of carotid sonography in the assessment of cardiovascular risk in patients with AS.^\[[@R24]\]^

Since poor information is present on carotid atherosclerosis in patients with AS treated with TNF-α antagonists, the aim of this study is to evaluate it in these patients comparing the results with those obtained in a nontreated group of healthy controls.

2. Materials and methods
========================

2.1. Patients and healthy controls
----------------------------------

Fourteen patients with AS (10 males, 4 females; median age 59 ± 8 years) diagnosed, according to the Assessment of Spondylo Arthritis Society (ASAS) criteria^\[[@R25]\]^ and already treated for 2 years with TNF-α antagonists according the ASAS guidelines,^\[[@R26]\]^ were studied. Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing Spondylitis Functional Index (BASFI), and Bath Ankylosing Spondylitis Metrology Index (BASMI) scores were also calculated through a questionnaire and the physical examination.

Table [1](#T1){ref-type="table"} shows the clinical data and activity indexes of these patients.

###### 

Main clinical and demographic features of 14 patients with ankylosing spondylitis.
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Fourteen healthy individuals without any rheumatic diseases represented the nontreated control group (6 males, 8 females; median age 62 ± 7 years). Patients under 18 years of age and those with a known history of diabetes were excluded from the study.

Body mass index (BMI) was calculated as the ratio of weight (kg) to height (m) squared (kg/m^2^).

Standard commercial kits were employed by the analysis laboratory of our university to measure glycemia, total cholesterol and triglycerides, erythrocyte sedimentation rate, and C-reactive protein. All clinical and biochemical assessments were performed at the time of the recruitment.

2.2. Sonography
---------------

B-mode Doppler ultrasonography was performed by an expert investigator with more than 15 years of experience on this field, using a Toshiba Aplio 500 platinum sonographic machine (Toshiba Medical Systems Corporation, Otawara, Tochigi-ken, Japan), equipped with a high definition linear multifrequency probe (7--15 MHz) and with an automated edge-tracking package for IMT analysis. Each patient was examined in the morning while lying in the supine position with the outstretched neck resting on a soft cushion. The investigator was blinded to the clinical condition of the patients. Tissue harmonics imaging modality was adopted to improve visualization and details of the borders; the entire carotid artery was visualized from multiple angles in longitudinal and transverse scan before selecting the best view and obtain an image with the vessel in a longitudinal plane to measure the IMT from the lumen-intima border to the media-adventitia border. These measurements were made at the near and the far wall of the distal common carotid (1 cm proximal to the carotid bulb), of the carotid bulb, and of the internal carotid in both sides, specifically excluding plaques and selectively measuring IMT in a plaque-free region. To minimize measurement error and make a faster assessment of subclinical atherosclerosis, the automatic IMT measure modality of the echographic machine was used. Each image was immediately reviewed to ensure optimal visualization and exclude improper detection of the lumen-intima border and the media-adventitia borders. Both the mean IMT and the maximum IMT values, obtained in all locations from the right and the left side of the carotid, were recorded and separately averaged to obtain the respective mean values suitable for the statistical comparison between the 2 classes of patients following the European Stroke Conferences, Mannheim advices.^\[[@R27]\]^

We also quantified the presence or absence of plaque in one of the anterior or posterior segment of common, bulb or internal carotid, in both populations. The presence of atheromatous plaques was defined as an IMT of more than 1.5 mm or an increased thickness exceeding into the carotid lumen of the 50% of the surrounding IMT value.^\[[@R27]\]^ Sonographic plaque characteristics (echogenicity, border, and morphology) were also recorded. Finally, the percentage of stenosis was quantified as the ratio between the narrowed diameter of the residual lumen and the luminal diameter.^\[[@R28]\]^

All the data were collected in an Excel Database.

2.3. Statistical analysis
-------------------------

Microsoft Excel 2013 for Windows was used to perform statistical examination. The intraclass correlation coefficient (ICC) was used for assessing intraoperator repeatability. The 2-tailed unpaired *t* test was used to compare laboratory results and the mean and highest IMT values of patients with AS and healthy controls. The Chi-squared test of homogeneity was used to evaluate whether the frequency count of carotid plaques was distributed identically across the 2 populations.

A *p-*value \<.05 was considered statistically significant.

2.4. Ethical standard
---------------------

The institutional ethic committee approved the study; the written informed consent was obtained by all participants in the study.

3. Results
==========

The clinical characteristics of the patients with AS are described in Table [1](#T1){ref-type="table"}. There were no significant differences in the glycemia, total cholesterol, and triglyceride values between patients with AS and healthy nontreated controls (Table [2](#T2){ref-type="table"}). Three healthy controls were normal weight, whereas the others were overweight; 4 patients with AS were normal weight, 2 were class II obese, and the others were overweight.

###### 

Biochemical characteristics of the study population.
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Six of 14 healthy controls and 5 of 14 patients with AS were smoker. Five healthy controls and 5 patients with AS had a history of arterial hypertension and were treated with antihypertensive agents.

The sonographer performed a periodic control of the quality of the carotid IMT measurement to ensure repeatability and precision of the examination and the interobserver variability was good (ICC 0.9).

B-mode sonographic examination showed that patients with AS had significant lower mean and maximum IMT values, both at the level of the common carotid and of the bulb, in comparison with those of healthy controls (Table [3](#T3){ref-type="table"}, Figs. [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). No significant differences were observed in mean and maximum IMT values on internal carotid between patients with AS and healthy controls (Table [3](#T3){ref-type="table"}).

###### 

Differences in carotid IMT values among patients with AS treated with anti-tumor necrosis factor therapy and healthy controls.
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![(A) Box plots of the mean intima-media thickness (IMT) of the common carotid artery in patients with ankylosing spondylitis (AS) treated with tumor necrosis factor-α (TNF-α) antagonists and in healthy controls. (B) Box plots of the maximum IMT of the common carotid artery in patients with AS treated with TNF-α antagonists and in healthy controls.](medi-97-e11250-g004){#F1}

![(A) Box plots of the mean intima-media thickness (IMT) of the carotid bulb in patients with ankylosing spondylitis (AS) treated with tumor necrosis factor-α (TNF-α) antagonists and in healthy controls. (B) Box plots of the maximum IMT of the carotid bulb in patients with AS treated with TNF-α antagonists and in healthy controls.](medi-97-e11250-g005){#F2}

A significantly lower number of carotid plaques was observed in patients with AS than in healthy controls (*P* = .02). In both populations, no plaque reached a percentage of stenosis higher than 30% and no vulnerable plaques were observed.

4. Discussion
=============

Our study designed to investigate whether there were differences in atherosclerosis between patients with AS treated with TNF-α antagonists without interruption for 2 years and nontreated healthy controls showed a significantly lower carotid atherosclerosis in patients with AS than in healthy controls. This result is corroborated by the fact that the study took into account both the IMT measurements and plaque presence, thus avoiding misclassification of cardiovascular disease risk. The result is very interesting because the 2 populations were overlapping as regards the presence of traditional cardiovascular risk factors (hypertension, hypercholesterolemia, diabetes, smoking, and BMI) and this seems to confirm that the administration of anti-TNF therapy may have vascular beneficial effects slowing the atherosclerosis progression. Why only in internal carotid there were no differences between the 2 populations is difficult to explain. Complex mechanisms underlie the IMT of the vessels and several mechanisms are implicated in the start and progression of atherosclerotic process in each vascular district. The geometry of the vessel, especially the presence of a large curvature and planarity, is certainly one of those mechanisms, having a great role in favoring the IMT growth, due to the complex and oscillatory transverse shear stress on the vessel wall.^\[[@R29]--[@R33]\]^ In inflammatory arthritis, white blood cells and proinflammatory cytokines, inducing and maintaining high inflammatory levels, may be considered the actual cause of the atherosclerotic progression. Indeed, while in patients with AS with low disease activity, subclinical atherosclerosis is not accelerated^\[[@R14]\]^ due to the low levels of inflammation, all of this changes when the disease is of moderate/severe activity as it was the case in our patients with AS.

A meta-analysis highlighted that the level of evidence on the use of TNF-α antagonists was still too low to draw any conclusion, despite it provided vascular beneficial effects in inflammatory arthritis and prevented subclinical atherosclerosis and arterial stiffness.^\[[@R34]\]^ However, the anti-inflammatory effect of TNF-α antagonists is undeniable, like has been seen in psoriatic patients in which these drugs provided a significant decrease in myocardial infarction risk.^\[[@R35]\]^ An improvement of the endothelial function was the precise suggested mechanism through which TNF-α antagonists were able to reduce the level of atherosclerosis.^\[[@R36]\]^ Indeed, the current knowledge claims that the TNF-α antagonists are able to lower retinol-binding protein 4 level, an agent of vascular oxidative damage, apart from reducing serum insulin levels and insulin resistance that, when dysregulated, promote endothelial dysfunction.^\[[@R37],[@R38]\]^

Since AS is associated with an increased atherosclerosis and risk of myocardial infarction and stroke,^\[[@R10],[@R11]\]^ our belief is that no other reasons than the treatment with TNF-α antagonists might explain the significant lower levels of carotid atherosclerosis in patients with AS respect to those observed in healthy controls. Probably, this was also the consequence of a long-term treatment of patients with AS with these drugs, whereas, in other studies in which this was not evident, the treatment could have been discontinued or only done for a short period of time.

Limitations of this study are the small sample size and the fact that we had no patients without TNF-α antagonist treatment as proper controls. On the contrary, it would not have been ethically correct to perform a placebo controlled randomized trial with TNF inhibitors in patients with AS.

5. Conclusion
=============

Unequivocal evidence is that the patients with AS treated with TNF-α antagonists would have a lower carotid atherosclerosis than that of matched healthy controls.

Therefore, the TNF-α antagonists in addition to the reduction of inflammatory arthritis have also the ability to slowdown the progression of the carotid atherosclerosis.
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